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Description 

BACKGROUND OF THE INVENTION 

* Field ol the invention 

The present invention relates generally to an organ- 
ic electrolyte lithium secondary battery of which the neg- 
ative electrode consists of metallic lithium or lithium alloy 
and using lithium as an active material, and more par- 
ticularly, to a separator of the same battery. 

* Description of the prior art 

The lithium secondary battery of which negative 
electrode consists of metallic lithium or lithium alloy and 
using lithium as an active material and organic electro- 
lyte draws attention to the point of a light-weight and 
compact power source, for the same battery has a high- 
er energy density due to a higher voltage, and shows a 
better performance at low temperatures than general 
secondary batteries having an electrolyte of an aqueous 
solution. 

However, active lithium deposited on a negative 
electrode in charging reacts to and decomposes an or- 
ganic solvent of electrolyte, and deposited metallic lith- 
ium grows to dendrite and reacts to the organic solvent 
and then forms an insulating layer on the dendrited lith- 
ium surface, which results in forming poor-electronic- 
conductive lithium. R. Selim Bro, J. Electrochem. See, 
121, 1457 (1974), etc. already reported this problem. 
This phenomena lowers the charge and discharge effi- 
ciency of a negative electrode composed of metallic lith- 
ium and lithium alloy, and also reduces a battery capac- 
ity in the progress of charge and discharge cycles. Fur- 
ther, the dendrited metal lithium penetrates a separator 
to shortcircuit the battery inside, which shortens a cycle 
life. Due to these problems, the organic electrolyte lith- 
ium secondary battery of which negative electrode con- 
sists of metallic lithium or lithium alloy and using lithium 
as an active material is not yet practically used. 

The occurrence of the dendrited lithium correlates 
with a charge current density, namely, the higher the cur- 
rent density is, the easier occurs dendrited lithium. In 
general, the lithium secondary batteries thus are de- 
vised to have a less charge current density: In order to 
enlarge the areas of each facing plate of negative and 
positive electrodes, the thin electrode plates are scrolled 
with a separator in between. The such electrode plate 
group and organic electrolyte have been studied to com- 
prise the battery. However, since the plate surface is not 
smooth enough, a reaction occurs at some particular 
places, which forms dendrited lithium. The dendrited 
lithium thus formed on a negative electrode of lithium 
penetrates through a separator made of microporous 
membrane, and produces internal shortcircuit, which re- 
sults in not only damaging battery performance as well 
as shortening a battery life, but also, in the worst case, 


generating heat to start burning. 

In order to solve the problem of forming dendrited 
lithium, several inventions were already laid out, for ex- 
ample, Japanese LaidOpen No. Hei. 3-129678 bulletin 
s proposes that a wider positive electrode than that of a 
negative be used, and also, fringe part of a positive elec- 
trode be shielded with an insulating material having the 
same thickness of the positive electrode before facing 
to the counterpart of a negative electrode. The bulletin 
of Japanese Laid-Open No. Hei 4-51473 proposes that 
the fringe part of positive electrode be shielded with an 
electrically insulating material which is insoluble in elec- 
trolyte. Unfortunately, these inventions cannot show a 
practically satisfied result, for they have such problems 
as require a complicated manufacturing process, and 
have less capacity for active material being filled. In ad- 
dition, an insufficient cohesive strength on the fringe part 
of positive electrode prevents from avoiding an internal 
shortcircuit due to the dropping of positive mixture. Fur- 
ther, Japanese Laid-Open No. Hei 1-319250 bulletin 
proposes that ion-permeable polymer such as polyacr- 
ylamid be coated to a separator in order to avoid pene- 
tration of fine particle of positive mixture into a separator. 
However, polyacrylamid is easy to solve in organic elec- 
trolyte, and forming a high density polymer-layer results 
in high internal resistance of the battery. These factors 
lower the battery performance. The bulletin of Japanese 
Laid-Open No. Hei 2-162651 proposes that the battery 
wherein electrode plate groups are wound have elec- 
trode plates on which solid polymer electrolyte film is 
formed. However solid polymer electrolyte film reacts to 
an active material of negative electrode to become de- 
teriorated, and the same film has a problem in mechan- 
ical strength. The U.S. Patent No. 5,281,491 proposes 
that multilayer porous sheet of different Theological 
properties be used as a separator. Yet, it requires com- 
plicated process to manufacture the batteries and ac- 
companies a higher price of the separator. 

Regarding the polymer electrolyte, the bulletin of 
Japanese Laid-Open No. Hei 2-291 673 proposes that 
organic electrolyte be applied into it as a plasticizer to 
have it turned to gel electrolyte so that ion conductivity 
is dramatically improved. 

In order to boost the mechanical strength of polymer 
electrolyte, it is laid open that polymer electrolyte and a 
separator are hybridized on the bulletins of Japanese 
Laid-Open No. Hei 4-36959 and 5-500880. However, 
when using polymer electrolyte, a positive electrode and 
negative electrode are not contacted with polymer elec- 
trolyte on the interface in between. This problem pro- 
duces gaps on the interface particularly in charging or 
discharging because both of the electrode plates ex- 
pand or shrink, which interferes with a smooth progress 
of efficient charge or discharge reaction. 

The proposed ideas for improvement still have 
some problems as mentioned above. Indeed the inter- 
nal shortcircuit due to the dendrited lithium can be avoid- 
ed, but using an ion-conductive gel electrolyte inde- 
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pendentty proves that mechanical strength is poor, reli- 
ability is low and ionic conductivity remains insufficient 
at low temperatures. Since these factors lower the bat- 
tery performances, the proposed ideas are not yet com- 
mercialized. JP-61/214364 and JP-2/82457 disclose s 
batteries of this type. 

The present invention is to overcome those prob- 
lems as mentioned above and is embodied in a lithium 
secondary battery wherein the following four Items are 
shielded: a) a negative electrode consisting of metallic 
lithium or lithium alloy and using lithium as an active ma- 
terial, b) a positive electrode consisting of metal oxide 
etc. as an active material, c) organic electrolyte, d) a 
separator using an ionic conductive material wherein a 
matrix is made of microporous membrane. The separa- 
tor according to the present invention is made of an uni- 
fied body of a microporous membrane and ionic conduc- 
tive gel electrolyte, more specifically, the pores of the 
membrane are filled and closed with ionic conductive 
gel electrolyte, and at least one face conctacting the 
negative electrode forms ionic conductive gel electrolyte 
layer. This structure of the separator according to the 
present invention prevents the dendrited lithium formed 
on the negative electrode from penetrating through the 
separator and producing internal shortcircuits of the bat- 
tery, which assures to offer a reliable secondary battery 
free from danger. 

BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 is a typical cross-section view of a separator 
according to Example 1 of the present invention. 

Fig. 2 is a typical cross-section view of a separator 
according to another example of the present invention. 

Fig. 3 is a typical cross section view of a coin type 
organic electrolyte lithium secondary battery. 

Fig. 4 is a charge-discharge cycle life characteristic 
curve of an organic electrolyte lithium secondary battery 
according to the present invention. 

Fig. 5 is a curve showing a relation between content 
ratio of organic electrolyte in gel electrolyte and ionic 
conductivity. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is detailed with embodiments 
by referring to drawings. First, a manufacturing method 
of a separator, a key point of the present invention, is 
explained. 

Example 1 

A microporous polyethylene membrane of which 
porosity diameter is 0.27 jim, porosity is 60%, and thick- 
ness is 20-22 u.m, commercially available as Celgard 
KB78 made by Hoechest Celanese Corp., is used as a 
separator matrix. Organic electrolyte and ultraviolet cur- 
ing resin are mixed at 80:20 weight ratio to form ionic 


conductive gel electrolyte. The details of each compo- 
nent is this: 

The organic electrolyte consists of, for example, a 
mixed solvent of propylene carbonate and ethylene car- 
bonate at volume ratio of 50:50 and lithiumperchlorate 
LiCI04 which is added as an electrolyte salt so that the 
organic electrolyte becomes 1 mol/dm 3 concentration. 

The ultraviolet curing resin is made of a mixture 
wherein fat group polyether oligomer is mixed with mon- 
omer of which frame is polyethylene oxide whose both 
ends have aery late group at a weight ratio of 50:50, and 
photo polymerization initiator 1 .0 wt% is added therein. 

The above polyethylene membrane is processed 
with polyethylene glycol alkyl ether of nonionic surface- 
active agent in order to gain enough lyophilic property, 
and then the above mixed solution is coated and impreg- 
nated to this membrane with a volume of 2.5 uJ/cm 2 . 
Next, ultraviolet ray is applied to the membrane to form 
ionic conductive gel electrolyte. When forming a thin ul- 
traviolet curing resin, oxygen acts as a polymerization 
prohibitor, which causes problems. In addition, applying 
ultraviolet ray raises temperature to distort the mem- 
brane as well as close the pores. 

In order to overcome these problems, the mem- 
brane impregnated by the mixture is contacted by a 
glass board coated by fluoroplastics as a release agent 
so that influences of oxygen and temperature rise can 
be prevented. Then ultra violet ray is applied. As shown 
in Fig. 1 , the micropores of the polyethylene micropo- 
rous membrane 1 are filled with gel electrolyte, and also 
on the both faces of the membrane, the gel electrolyte 
layers 2 are formed. After these processes the separator 
of which thickness is 40 \im is produced, wherein micro- 
porous polyethylene membrane as a matrix is unified 
with ionic conductive gel electrolyte. This separator is 
called "a" hereinafter. 

Example 2 

A microporous polyethylene membrane with 25 (xm 
thickness and 38% porosity having 0.125 ujti longer di- 
ameter and 0.05 jim shorter diameter, commercially 
available as Celgard 2400, is used as a separator ma- 
trix. This membrane is processed in a plasma irradiation 
equipment (Type Number EP475g produced by Japan 
Vacuum Technology Co.,) under the condition of no 
more than 200 Pa vacuum value for five minutes in order 
to oxidize the separator for improving lyophilic property. 
With the same method as the separator "a" is produced, 
this separator material is unified with the ionic conduc- 
tive gel electrolyte to produce a separator "b" of which 
thickness is 45 um 

Example 3 

A microporous polyethylene membrane with 25 u/n 
of thickness, 0.3 jim of the maximum pore diameter and 
38% of porosity rate, made by Tohnen Chemical Co., 
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Ltd., is used as a separator matrix. Using the same 
method as the separator "b", this membrane is proc- 
essed under the plasma application to oxidize the mem- 
brane surface for improving lyophilic property. As shown 
in Fig. 2, an ionic conductive gel electrolyte layer is pro- 
vided on one side of the separator before applying ultra 
violet curing process to form a double layer of the sep- 
arator material and the ionic conductive electrolyte. This 
separator "c" has a thickness of 30 um 

In order to compare the separators "a", M b B and "c" 
according to the present invention with a conventional 
separator, the microporous polyethylene membrane 
(Celgard k878) used in the 1st embodiment is used to 
be a conventional separator "d". 

Next, as shown in Fig. 3, coin type organic electro- 
lyte lithium secondary batteries "A", "B", "C" and °D" are 
made wherein the separators "a", "b", "c" and "d" are 
used. In Fig. 3, a positive electrode 3 is a disc of which 
diameter is made by this process: 

Electrolytic manganese dioxide goes under heat 
treatment at 400 °C to turn into Mn0 2 as a positive active 
material. This Mn0 2 , carbon black as a conductive ma- 
terial and polytetrafluoroethylene as a binder are mixed 
at a weight ratio of 90: 5: 5 to produce positive mixture. 
This positive mixture is molded into a disc having a di- 
ameter of 14.2 mm. 

A stainless steel case is numbered 4, a separator 
is 5, metallic as a negative active material is 6, stainless 
cover is 7, a gasket of polypropylene is 8. Electrolyte is 
made of a mixed solvent of propylene carbonate and 1 , 
2-dimethoxyethan at a volume ratio of 50:50 wherein 
lithium perch lorate is added so that a concentration of 
1 mol/dm 3 is achieved. A specified amount of this elec- 
trolyte is applied to. 

The batteries are tested under this condition: 
The batteries are charged with 1.8 mA constant 
current upto 3.8V, then discharged with 1 .8 mA for 3 
hours (5.4 mAh), and repeat this operation. When a dis- 
charging voltage reaches 2.0V within 3 hours, discharge 
js stopped then. 

Fig. 4 shows the result of this charge and discharge 
test. The batteries "A", "B" and according to the 
present invention show better performances than the 
convent inal battery "D". The battery "A", among others, 
shows the highest number of charge and discharge cy- 
cles because of the separator "a" processed with a sur- 
face-active agent. The pores of the separator matrix are 
filled with ionic conductive gel electrolyte completely as 
well as evenly so that dendrited lithium formed on the 
negative electrode can be prevented from penetrating 
through the pores of the separator matrix into the posi- 
tive electrode, which avoids weak intnar shortcircuits. 

The batteries "B" and "C" show also great improve- 
ments in a characteristic of charge and discharge com- 
paring with that of the conventional battery "D", for the 
separator matrix wherein lyophilic property is given by 
plasma application is filled completely by ionic conduc- 
tive gel electrolyte into the pores, thus the shortening of 


battery cycle life due to internal shortcircuits is avoided 
as the battery "A" tells. 

Fig. 5 shows the ionic conductivity of the gel elec- 
trolyte measured at 25° C wherein a weight ratio of or- 
s ganic electrolyte and ultra violet curing resin is changed. 
In this experiment, when organic electrolyte exceeds 85 
wt%, proper gel electrolyte cannot be formed. Fig. 5 thus 
does not show a curve over 85 wt%. As Fig. 5 tells, the 
ionic conductivity of gel electrolyte depends on the con- 
tent ratio of organic electrolyte. Since the lowering of the 
ratio sharply reduces the ionic conductivity, the content 
ratio of organic electrolyte hopefully maintains 50 wt% 
or more, and 80 wt% or less is preferable for the gel 
electrolyte having sufficient mechanical strength. The 
viscosity of the gel electrolyte also depends on the 
weight ratio of monomer and oligomer, both comprising 
the ultra violet curing resin. The weight ratio can be ad- 
justed without affecting the forming of the gel electrolyte 
layer. Further, adjusting a mixing ratio and a thickness 
of the gel electrolyte can vary an internal resistance of 
the battery, which makes it possible to change an inter- 
nal resistance without changing the surface of electrode 
or celt structure. Therefore, a safety on the battery can 
be achieved even when a shortcircuit occurs outside. 

A coin type battery is used in the above embodi- 
ment, however, a cylindrical battery can be also used, 
for the separator according to the present invention is 
so flexible and thin that fits to the structure of spiral elec- 
trode plate group formed by wound positive and nega- 
tive electrodes with a separator in between. 

The present invention is not limited to the above em- 
bodiments and various other modifications are possible. 

For example, as an electrolyte salt, LiAsF6, 
UCF3S03, LiN(CF3S02)2 and so on can be used. 

As an organic solvent, y-butyrolactone(y-BL), y- 
valerolactone(y-VL), dimethylsulfoxide(DMSO), 2- 
methyltetrahydofuran(2Me-THF), 1 ,4-dioxane, dimeth- 
oxyethane(DME), diethoxyethane(DEE), ethylacetate 
(EA), ethylpropionate(EP), diethylcarbonate(DEC) and 
so on can be used. 

As an positive electrode, LiCo02, LiNi02, 
LiMn204, LiV308, V205, V6013 and so on can be 
used. 

As explained above, using the separator according 
to the present invention proves that the dendrited lithium 
which is deposited on the negative electrode during 
charging is prevented from penetrating through the sep- 
arator so that internal shortcircuits can be avoided. Fur- 
ther, adjusting the composition of gel electrolyte and 
thickness can control internal resistance, which can re- 
duce danger when outside shortcircuits occur. 

The present invention thus offers a lithium second- 
ary battery having high reliability and safety as welt as 
having a scarce chance for an internal shortcircuit to oc- 
cur. 
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Claims 

1 . A manufacturing method of a separator for a lithium 
secondary battery including: 

lyophilic treatment of processing with surface 
active agent on a microporous membrane as a 
separator matrix made of polyolefin comprising 
of polyethylene and/or polypropylene, 
impregnation of a mixed solution to said sepa- 
rator matrix, wherein said mixed solution is pro- 
duced by mixing organic electrolyte and ultra 
violet curing resin whose major components 
are oligomer and monomer, 
and developing said separator matrix on a 
glass board surface coated by fluoroplastics, 
then irradiating ultraviolet ray through said 
glass board to polymerize said mixture forming 
ionic conductive gel electrolyte held by said 
separator matrix, 

2. A manufacturing method of a separator for a lithium 
secondary battery including: 

lyophilic treatment of oxidizing the surface of 
said membrane through plasma irradiation on 
a microporous membrane as a separator matrix 
made of polyolefin comprising of polyethylene 
and/or polypropylene, 

impregnation of a mixed solution to said sepa- 
rator matrix, wherein said mixed solution is pro- 
duced by mixing organic electrolyte and ultra 
violet curing resin whose major components 
are oligomer and monomer, 
and developing said separator matrix on a 
glass board surface coated by fluoroplastics, 
then irradiating ultraviolet ray through said 
glass board to polymerize said mixture forming 
ionic conductive gel electrolyte held by said 
separator matrix. 

3. An organic electrolyte lithium secondary battery 
comprising: 

an electrode group composed of a negative 
electrode made of either one of metallic lithium and 
lithium alloy, wherein lithium works as an active ma- 
terial and a positive electrode and a separator in be- 
tween, and organic electrolyte including lithium salt, 
wherein said separator is composed of a separator 
matrix made of microporous polyolefin membrane 
which holds ionic conductive gel electrolyte. 

4. An organic electrolyte lithium secondary battery 
comprising: 

an electrode group comprising a negative 
electrode made of either one of metallic lithium and 
lithium alloy, wherein lithium works as an active ma- 
terial, a positive electrode and a separator in be- 


tween, and organic electrolyte including lithium salt, 
wherein said separator is composed of a separator 
matrix made of microporous polyolefin membrane 
whose pores are filled and closed with ionic conduc- 
s tive gel electrolyte, and said separator matrix hav- 
ing a sheet whose at least on the contacted face to 
the negative electrode said gel electrolyte layer is 
formed. 

10 5. An organic electrolyte lithium secondary battery ac- 
cording to claim 3, wherein said separator is com- 
prised of: 

■ microporous polyolefin membrane and ionic 
conductive electrolyte comprising organic electro- 
ns ryte and ultra violet curing resin. 

6. An organic electrolyte lithium secondary battery ac- 
cording to claim 4, wherein said separator is com- 
prised of: 

20 microporous polyolefin membrane and ionic 

conductive electrolyte comprising organic electro- 
lyte and ultra violet curing resin. 

7. An organic electrolyte lithium secondary battery ac- 
25 cording to claim 3, 4, 5 or 6, wherein said separator 

is comprised of: 

microporous polyolefin membrane and ionic 
conductive electrolyte comprising a 80-20 wt% of 
organic electrolyte and a 20-50 wt% of organic elec- 
30 trolyte and a 20-50 wt% of ultra violet curing resin. 

8. An organic electrolyte lithium secondary battery ac- 
cording to claim 3, 4, 5 or 6, wherein said separator 
is comprised of: 

35 microporous polyolefin membrane and ionic 

conductive gel electrolyte including organic electro- 
lyte of lithium salt. 

9. An organic electrolyte lithium secondary battery ac- 
40 cording to claim 7, wherein said separator is com- 
prised of: 

microporous polyolefin membrane and ionic 
conductive gel electrolyte including organic electro- 
lyte lithium salt. 

45 

Patentanspruche 

1. Ein Verfahren zur Herstellung eines Separators fur 
so eine Lithium-Sekundarbatterie, einschlieBend: 

eine lyophilische Verarbeitungsbehandlung mit 
einem Netzmittel auf einer mikroporosen Mem- 
brane als einer Separatormatrix, die aus Poly- 
55 olefin hergestellt ist, das Polyethylen und/oder 

Polypropylen umfaGt, 

Impragnieren der genannten Separatormatrix 
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mit einer gemischten Losung, worin die ge- 
nannte gemischte Losung hergestellt wird, in- 
dem organischer Elektrolyt und ultravioletthar- 
tender Kunststoff vermischt werden, dessen 
Hauptbestandteile Oligomer und Monomer 5 
sind, 

und Entwickelndergenannten Separatormatrix 
auf einer Glasplattenoberflache, die mit Fluor- 
kunststoff beschichtet ist, dann Bestrahlen mit 10 
Ultraviolettstrahlung durch die genannte Glas- 
platte hindurch, urn die genannte Mischung zu 
polymerisieren, wobei ein ionenleitfahiger Gel- 
elektrolyt gebildet wird, der von der genannten 
Separatormatrix gehaften wird. is 

2. Ein Verfahren zur Herstellung eines Separators fur 
eine Lithium-Sekundarbatterie einschlieGend: 

liophilische Behandlung durch Oxidierung der 20 
Oberflache der genannten Membrane durch 
Plasmabestrahlung auf einer mikroporosen 
Membrane als eine Separatormatrix, die aus 
Polyolefin hergestellt ist, das Polyethylen und/ 
oder Polypropylen umfaBt, 25 

Impragnieren der genannten Separatormatrix 
mit einer gemischten Losung, worin die ge- 
nannte gemischte Losung hergestellt wird, in- 
dem organischer Elektrolyt und ultravioletthar- 30 
tender Kunststoff vermischt werden, dessen 
Hauptbestandteile Oligomer und Monomer 
sind, 

und Entwickeln der genannten Separatormatrix 3$ 
auf einer Glasplattenoberflache, die mit Fluor- 
kunststoff beschichtet ist, dann Bestrahlen mit 
Ultraviolettstrahlung durch die genannte Glas- 
platte hindurch, urn die genannte Mischung zu 
polymerisieren, wobei ein ionenleitfahiger Gel- 40 
elektrolyt gebildet wird, der von der genannten 
Separatormatrix gehaften wird. 

3. Eine Lithium-Sekundarbatterie mit organischem 
Elektrolyten, umfassend: 45 
eine Elektrodengruppe, die eine negative Elektro- 

de, die aus entweder metallischem Lithium oder Li- 
thiumlegierung hergestellt ist, worin Lithium als ein 
aktives Material arbeitet, und einer positiven Elek- 
trode und einern Separator dazwischen, und orga- so 
nischen Elektrolyt einschlieBlich Lithiumsaiz um- 
faBt, worin der genannte Separator aus einer Se- 
paratormatrix gebildet ist, die aus einer mikroporo- 
sen Polyolefinmembrane hergestellt ist, die den io- 
nenleitenden Gelelektrolyten halt. 55 

4. Eine Lithium-Sekundarbatterie mit organischem 
Elektrolyten, umfassend: 


eine Elektrodengruppe, die eine negative Elektro- 
de, die aus entweder metallischem Lithium oder Li- 
thiumlegierung hergestellt ist, worin Lithium als ein 
aktives Material arbeitet, eine positive Elektrode 
und einem Separator dazwischen, und organischen 
Elektrolyt einschlieBlich Lithiumsaiz umfaBt, worin 
der genannte Separator aus einer Separatormatrix 
gebildet ist, die aus einer mikroporosen Polyolefin- 
membrane hergestellt ist, deren Poren mit ionenlei- 
tendem Gelelektrolyt gefullt und geschlossen sind, 
und die genannte Separatormatrix ein Flachenele- 
ment hat, bei dem wenigstens auf der die negative 
Elektrode beruhrenden Seite die genannte Gelelek- 
trolytschicht gebildet ist. 

5. Eine Lithium-Sekundarbatterie mit organischem 
Elektrolyten, gemaB Anspruch 3, worin der genann- 
te Separator besteht aus: 

einer mikroporosen Polyolefinmembrane und io- 
nenleitendem Elektrolyten, der organischen Elek- 
trolyten und ultravioletthartendes Kunstharz um- 
faBt. 

6. Eine Lithium-Sekundarbatterie mit organischem 
Elektrolyten, gemaB Anspruch 4, worin der genann- 
te Separator besteht aus: 

einer mikroporosen Polyolefinmembrane und io- 
nenleitendem Elektrolyten, der organischen Elek- 
trolyten und ultravioletthartendes Kunstharz um- 
faBt. 

7. Eine Lithium-Sekundarbatterie mrt organischem 
Elektrolyten, gemaB Anspruch 3, 4, 5 oder 6, worin 
der genannte Separator besteht aus: 

einer mikroporosen Polyolefinmembran und ionen- 
leitendem Elektrolyt, der 80-20 Gew.-% organi- 
schen Elektrolyten und 20-50 Gew.-% organischen 
Elektrolyten und 20-50 Gew.-% ultraviolettharten- 
des Kunstharz umfaBt. 

8. Eine Lithium-Sekundarbatterie mit organischem 
Elektrolyten, gemaB Anspruch 3, 4, 5 oder 6, worin 
der genannte Separator besteht aus: 

einer mikroporosen Polyolefinmembran und ionen- 
leitendem Gelelektrolyten, der organischen Elek- 
trolyten von Lithiumsaiz einschlieBt. 

9. Eine Lithium-Sekundarbatterie mit organischem 
Elektrolyten, gemaB Anspruch 7, worin der genann- 
te Separator besteht aus: 

einer mikroporosen Polyolefinmembran und ionen- 
leitendem Gelelektrolyten, der organischen Elek- 
trolyten von Lithiumsaiz einschlieBt. 


Revendications 

1. Precede* de fabrication d'un s6parateur d'une pile 
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secondaire au lithium comprenant : 

le traitement lyophile avec un agent tensioactif 
sur une membrane microporeuse comma ma- 
trice de stparateur en polyolefine comprenant s 
du polyethylene et/ou du polypropylene, 
Timpregnation d'une solution melangee dans 
tadite matrice de separateur, ou on prod u it la- 
dite solution mttangte en melangeant de 
('electrolyte organique avec une resine durcis- 10 
sant aux ultraviolets dont les composants ma- 
jeure sont un oligomere et un monomere, 
et le developpement de ladite matrice de sepa- 
rateur sur une surface porteuse en verre reve- 
tue de matieres fluoroplastiques, ensuite irra- is 
dier aux ultraviolets a travers ledit support en 
verre pour polymtriser ledit melange formant 
un electrolyte en gel ioniquement conducteur 
maintenu par ladite matrice de separateur. 

20 

2. Precede de fabrication d'un separateur d'une pile 
secondaire au lithium comprenant : 

le traitement lyophile d'oxyder la surface de la- 
dite membrane par irradiation au plasma sur 25 
une membrane microporeuse comme matrice 
de separateur en polyolefine comprenant du 
polyethylene et/ou du polypropylene, 
Timpregnation de la solution melangee dans la- 
dite matrice de separateur, ou on produit ladite 30 
solution melangee en melangeant de I'tlectro- 
lyte organique avec une resine durcissant aux 
ultraviolets dont les composants majeure sont 
un oligomere et un monomere, 
et le developpement de ladite matrice de sepa- 35 
rateur sur une surface de support en verre re- 
vetue de matieres fluoroplastiques, puis irra- 
dier aux rayons ultraviolets a travers ledit sup- 
port en verre pour polymtriser ledit melange 
formant un electrolyte en gel ioniquement con- 40 
ducteur maintenu par ladite matrice de separa- 
teur. 

3. Pile secondaire au lithium electrolyte organique 
comprenant : 45 

un groupe d'tlectrodes compose d'une elec- 
trode negative constitute soit de lithium metallique, 
soit d'alliage de lithium, ou le lithium fonctionne 
comme materiau act if et une tlectrode positive et 
un separateur entre elles, et un electrolyte organi- so 
que comprenant un sel de lithium, ou ledit separa- 
teur est compost d'une matrice de separateur 
constitute d'une membrane de polyolefine micro- 
poreuse qui retient un electrolyte en gel ionique- 
ment conducteur. 55 

4. Pile secondaire au lithium electrolyte organique 
comprenant : 
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un groupe d'electrodes comprenant une elec- 
trode negative constitute soit de lithium metallique, 
soit d'alliage de lithium, ou le lithium fonctionne 
comme mattriau actif, une electrode positive et un 
stparateur entre elles, et un electrolyte organique 
comprenant un sel de lithium, ou ledit stparateur 
est compost d'une matrice de stparateur en mem- 
brane de polyolefine microporeuse dont les pores 
sont remplis et fermes parde I'tlectrolyte en gel io- 
niquement conducteur, et ladite matrice de stpara- 
teur a une feuille dont au moins la face en contact 
avec I'electrode ntgative supporte ladite couche de 
gel d'tlectrolyte. 

5. Pile secondaire au lithium tlectrolyte organique se- 
lon la revendication 3, ou ledit stparateur est cons- 
titut de : 

une membrane polyolefine microporeuse et 
un tlectrolyte ioniquement conducteur comprenant 
un electrolyte organique et une rtsine durcissant 
aux ultraviolets. 

6. Pile secondaire au lithium electrolyte organique se- 
lon la revendication 4, ou ledit stparateur est cons- 
titut de : 

une membrane polyolefine microporeuse et 
un electrolyte ioniquement conducteur comprenant 
un tlectrolyte organique et une rtsine durcissant 
aux ultraviolets. 

7. Pile secondaire au lithium tlectrolyte organique se- 
lon les revendications 3, 4, 5 ou 6, ou ledit stpara- 
teur est constitut de : 

une membrane polyoltfine microporeuse et 
un tlectrolyte ioniquement conducteur comprenant 
80-20 % en poids d'tlectrolyte organique et 20-50 
% en poids d'tlectrolyte organique et 20-50 % en 
poids de rtsine durcissant aux ultraviolets. 

8. Pile secondaire au lithium tlectrolyte organique se- 
lon les revendications 3, 4, 5 ou 6, ou ledit stpara- 
teur est constitut de : 

une membrane polyoltfine microporeuse et 
un electrolyte ioniquement conducteur en gel com- 
prenant un tlectrolyte organique de sel de lithium. 

9. Pile secondaire au lithium tlectrolyte organique se- 
lon la revendication 7, ou ledit stparateur est cons- 
titut de : 

une membrane polyoltfine microporeuse et 
un tlectrolyte ioniquement conducteur en gel com- 
prenant un tlectrolyte organique de sel de lithium. 
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